The study was conducted in Erob district eastern zone of Tigray, Northern Ethiopia to determine the relationship between live weight and linear measurements in Maefur goat population under traditional management system. Data on live body weight, linear body measurement and physical body character were collected from randomly selected 600 (297 male and 303 female goats) and categorized into age group of 04-12, 13-18, 19-24, and 24-35 months equivalent with to 0 PPI, 1 PPI, 2 PPI and 3 ≥ PPI with 82, 87, 134 and 297 animals in each age groups, respectively. The data were analyzed using SPSS software 16.0 version. Descriptive statistics, correlation and regression analysis were used. Heart girth was highly correlated to body weight (r=0.97, P<0.01) and used to predict live body weight with regression equations of y1.04 x-(43.3 ± 0.83), R²0.93 for pooled sex and age. The multiple regression equation for prediction of the live body weight was y=(0.74 HG+0.16 BL+0.18 HW) -42.8, R2=0.95 for pooled sex and age. It was concluded that, there is variability in body measurements across sex and age indicated that these measurements could be exploited in predicting live body weight. Heart girth was the major body trait used to predict live body weight.
Introduction
Ethiopia has diversified agro ecology and various topography features, which served as a home for indigenous livestock species. Indigenous goats are among the economically important livestock species adapted in lowland, midland, and highland climatic condition. Nowadays, sustainable breed improvement in Ethiopia is an important concern in designing breeding strategy for indigenous goat population. The Institute of Biodiversity Conservation (IBC) documented the existing indigenous goat breeds found in Ethiopia. There are about 15 indigenous goat breeds so far identified in different part of Ethiopia. About four indigenous goat breed namely; Begait, Abergelle, Highland goat, and Maefur are found in the regional government of Tigray. Goat is a multi-functional animal and plays a significant role in the economy and nutrition of landless, small and marginal farmers in Ethiopia. Goat rearing is an enterprise which has been practiced by a large section of population in rural areas. The indigenous Maefur goat has a potential for meat production improvement. The male has deep heart girth and long body length with good potential in accumulation of meat around their neck and sternum. Implementation of breeding through selection using linear body measurement is important to increase meat yield from this breed through enhancing its live body weight. Proper measurement of live body weight, which is often hard in villages due to lack of weighing scale, is requisite for achieving this goal. The need for estimation of the live body weight from simple and easily measurable linear body traits (heart girth, body length and height at wither) is becoming important. Smallholder farmers practiced estimation of the body weights by looking on the animal body size (heart girth, body length and height at wither), leading to inaccuracies in decision making. Different models might be needed to predict body weight in different environmental conditions and breeds [1] . Studies regarding the linear body measurements of goat have been carried in other region of the world and their possible use for estimating the animals live weights [1] [2] [3] [4] [5] [6] [7] [8] . Therefore, the present study was designed to observe body weight measurement relationship in Maefur goat population for selection and other purposes. Results obtained in present study would also be useful and helpful to farmers and animals scientists who are involved in small ruminants' research (Table 1) .
Materials and Methods

Study location
The study was carried out in Erob district (14° 10'-14° 25'N and 39° 40'-39° 50'E) found in Eastern zone of Tigray 47 km North east of Adigrat. Erob district was selected based on potential availability of Maefur goat breed as the information obtained ( Figure 1 ). The maxima and minimum annual temperature of the study area ranges from 25 to 30°C and 12 to 16°C, respectively. Altitude ranges between 1200 and 3000 m above sea level with mean annual rainfall ranges from 250 to 300 mm during the rainy months of June and August [9] . It has a notable topographic features include the Assimba and Ayga mountains. The study area has a diversified topographical features including peak mountainous (84%), up and down hill 14% and plain area only 1%. Erob has three agro-ecological classifications, highland 15% (12750 ha), midland 75% (63750 ha), and lowland 10% (8500 ha) [9] .
Animals and management
About 600 animals (297 male and 303 female goats) were used and divided in to four different age groups 04-12, 13-18, 19-24, and 24-35 months equivalent with to 0 PPI, 1 PPI, 2 PPI and 3 ≥ PPI with 82, 87, 134 and 297 animals in each age group, respectively. They were managed under free grazing managment system of the smallholder farmer (Table 2) .
Data collection
The variables measured included live weight recorded using Salter *Correlation is significant at the 0.05 level (2-tailed) and **Correlation is significant at the 0.01 level (2-tailed). coefficient of variation (CV) was calculated as the standard deviation divided by the mean multiply by 100. The relationships amongst the measured characteristics were determined using correlation and linear regression analysis procedure of SAS (Table 3) .
Results and Discussions
Relationship of live body weight and linear body measurement
Relationship between live body weights and linear body measurements was estimated by simple correlation and regression using Pearson correlation method. There was a significant correlation (r=0.89; P<0.01) between both heart girth and height at wither (r=0.67; P<0.01) with live body weight at early age (04-12 months). Similar research report suggests that either of this variable or their combination (heart girth and height at wither) would provide a good estimate for predicting live body weight at an early age [1] . Height at rump (r=0.55; P<0.01) and body length (r=0.55; P<0.01) high and positively correlated with live body weight at 04-12 month. Similar finding is report by Fajemilehin and Salako [10] and is found to be higher than the findings of Khan et al. [1] who observed positive correlation of body weight to 1. HG was measured by taking the circumference of the chest using a tailor's tape calibrated in cm, taken as the circumference of the body immediately behind the shoulder blades in a vertical plane, perpendicular to the long axis of the body.
2. HW was measured as the distance from the ground to the withers.
3. BL was the distance from the head of humerus to the distal end of the pubic bone.
4. SW was measured as a distance between the shoulders.
5. CD was measured as the distance between the top behind the scapular and the flow of the sternum (taken to be the depth of brisket) immediately behind forelegs.
Data analysis
The data collected were subjected to standard statistical analysis. The means and standard error were determined for each trait. The heart girth (0.64) and body length (0.49) and height at wither (0.75) but lower than for height at wither (0.75) at 4-12 months of age. In the second age group (13-18 months) the correlation coefficient declined to r=0.79; P<0.01, 0.37; P<0.01, 0.50; P<0.01 and 0.35; P<0.01 for heart girth, height at wither, height at rump and body length, respectively ( Table 4 ). The reason might be the poor management, which lead to stunted growth and development with less flesh accumulation in relation to the adult age. In the adult age group (25-35 months) the correlation coefficient of these body measurement inclined to (r=0.95; P<0.01, 0.88; P<0.01, 0.49; P<0.01 and 0.87; P<0.01) for heart girth, height at wither, height at rump and body length, respectively. This result is disagreed to the previous findings reported by Alemayehu et al. [8] suggested that the high and positive correlation of body length (r=0.82) and height at wither (r=0.75) and live body weight at early age (04-12 month) indicates that better predication of live body weight at early age than at maturity.
Application of LBM for estimation of live body weight
Estimating the live body weight of goat is important for good management and husbandry, including appropriate medication, adjusting feed supply, monitoring growth and for selection of breeding males and females [1, 3, 4] . Body conformation measurements are important for introducing community based indigenous goat breed improvement through selective breeding system. However, most of the applications concerned with breed characterization rather than for providing framers with practical knowledge. Therefore, live body weight can be estimated without using scale in which live body weight is regressed on selected body measurements. Heart girth, body length and height at wither are the most important linear body traits for estimation of live body. Heart girth explains about 80.4 to 93.6 % total variation in live body weight in Indian goat breed of Kanni Adu kids under farmer's management system. Live body weight is significantly correlated to heart girth (r=0.899) and to body length (r=0.729) for Gumuz, Begia-Medir and Agew goat ecotypes of the Amhara region of Ethiopia [11] . More recent finding for Abergelle goat breed emphasized that body weight has relatively high relationship with heart girth (0.73-0.89) as compared with the other body measurements, body length (0.46-0.82) and height at wither (0.53-0.83) [8] . Body weight and linear measurements are important body traits to select indigenous goat for meat production improvement by community based breed improvement through selection.
Heart girth (r=0.97; P<0.01), height at wither (r=0.93; P<0.01), height at rump (r=0.68; P<0.01) and body length (r=0.91: P<0.01) high and positively correlated to live body weight for male. They have high and positive correlation with live body weight with (r=0.93; P<0.01, r=0.90; P<0.01, r=0.65; P<0.01 and r=0.88; P<0.01), respectively for female. This finding is in line to reports and different breed reported by Khan et al. [1] and. Therefore, these body measurements are important as selection criteria for community based breed improvement for age and sex.
The correlation coefficient between live body weight and these measurements were r=0.97; P<0.01, and r=0.65; P<0.01 and 0.88; P<0.01, respectively. This result is in collaborative to many findings reported by Khan et al. [1] . Heart girth was high and positively correlated to height at wither, body length and height at rump at (r=0.888; P<0.01, r=0.865; P<0.01 and r=0.671; P<0.01), respectively. Most body measurement pairs were significantly (P<0.05) and positively correlated but ear length has negative correlation with heart girth, height at wither, shoulder width and chest girth. Therefore, the high correlation coefficient (r=0.97; P<0.01) observed between body weight and heart girth for all dentition groups suggest that girth alone or in combination with other body measurements could provide a good estimate for predicting live weight of maefur goat breed. Heart girth, body length and height at wither had high correlation with the body weight. They have the potential advantage for implementing selective breeding programmes of the indigenous goat Maefur goat. Many earlier findings suggested that the importance of these major linear body measurement to estimate live body weight of goat under traditional managements system. These findings justified that these major body traits are important for implementing breeding through selection to improve meat production of the indigenous goat breeds. The major linear body measurement are important to indicate the stage growth and of development.
Multiple stepwise regression analysis for body measurements
When live body weight was regressed to linear body measurements, heart girth first entered. About 93.3% (R 2 ) of the variation of pooled live body weight was explained by heart girth. Body length was the second entered body measurement in which the adjusted R 2 (78%) contributed in explain the variation of the live body weight for overall male and female regression analysis. The third entered linear body measurement was height at wither in which the adjusted R 2 explained about 80% the variation in live body weight. Heart girth was the most important body measurement to explain the variation of live body weight with the adjusted R 2 values 95% and 80% in male and female, respectively [12] [13] [14] [15] . About 5% and 20% of the unexplained variation in live body of male and female, respectively might happen because of the variation in feed and water availability not consider in this result. For pooled analysis without considering sex and age of Maefur indigenous goat breed, 12 linear body measurements were fitted to a model and through stepwise elimination procedure, three of the body measurements (heart girth, body length, and height at wither) were best fit for the model (Figure 3) . In this study, three fitted equations were good at estimating live body weight from body measurements R 2 of 0.78 to 0.93. Heart girth alone estimated live body weight (R 2 of 0.93). This result is in collaboration to the previous findings reported. Live body weight was better estimated using heart girth for age group 04-12 months for male (N=46) and female (N=36) as -25.2+0.74 Heart girth (R 2 =0.69) and -24.6+0.72 Heart girth (R 2 =0.88), respectively. For the second group, live body weight was estimated for male (N=47) and female (N=40) as -30.0+0.84 Heart girth (R 2 =0.74) and -23.3+0.72 Heart girth (R 2 =0.43), respectively. For the third age group, live body weight was estimate for male (N=57) and female (N=77) as -27.29+0.80 Heart girth (R .78) were used to estimate live body weight for the adult male with the reasonable accuracy whereas for the adult female still heart girth appropriate to estimate live body weight [16, 17] .
Hence, it is better to predicted live body for the adult male and female Maefur indigenous goat using heart girth as -38.7+1.0 Heart girth (R 2 =0.90) and -44.4+1.1 Heart girth (R 2 =0.67), respectively. Therefore, heart girth is the best body trait used to predicted live body weight with reasonable accuracy. It indicates the simple linear regression equation using heart girth; body length and height at wither for pooled sex and age in separate. Live body weight was best predicted using heart girth for the age groups 04-12, 13-18, 19-24 and 25-35 months and above as -25.5+0.7 HG (R .86) for male and female, respectively. Therefore, study demonstrated that with increased age the accuracy of predication for live body weight using heart girth enhanced. It shows that live body weight can be predicated for pooled sex and age with enhanced accuracy of estimation using one or more variables. The coefficient of determination (R .95) using heart girth, body length and height at wither. Based on this evidence live body weight can be predicted using heart girth, body length and height at wither with more accurate estimation but there are problems in handling of the animals under study especially under the pastoral and agro pastoral production system [18, 19] . Among the previous studies, the more related findings to the result of the current study are the findings. Moreover, the accuracy of the equations was estimated using residuals (absolute value of the difference between predicted weight by using the developed equations and actual weight measured with the scale. In this regard, the standardized residual was between -3.7 and 3.7 kg whereas the standardized value was between -2.2 and 2.4 kg. The analysis of residual statistics implies that the actual measured live body weight was in between the predicted value of live body weight (min=13.2 kg; max=51.8 kg; mean 31.8 ± 8.44 (SD). All regressions were done at 95% confidence interval, the error in predicting the body weight from the heart girth, body length and height at wither measurement would not exceed 2.4 kg.
Conclusion
The study investigated the correlation of live body weight to linear body measurements in same breed of goats at different age with 600 maximum numbers of observations. To maintain good animal husbandry, the measurement of live body weight is essential for breeding, nutrition, and health management. Heart girth high and positively correlated (r=0.97; P<0.01) to live body weight for all dentition groups. Hence, heart girth measurements are useful to predict live body weight in the four age groups of the Maefur indigenous goat. Most of the linear body measurements significantly (P<0.05) and positively correlated to live body weight. All the body measurements, except shoulder width, tail length, horn length, ear length and width, head width and head length in young (age group 04-12 months and 13-18 months) have high correlation to body weight. The correlation coefficient between live body weight and these measurements were r=0.97; P<0.01, r=0.90; P<0.01 and 0.88; P<0.01, respectively. For both sex and age groups the most important linear body measurements were heart girth, height at wither and body length. Therefore, these body traits have a potential to be used as selection criteria for Maefur goat breed. The multiple prediction equation for live body weight using these measurements was LBW(Y)=(0.74 HG+0.16 BL+0.17 HW)-42.77. This model enhanced the variation of live body weight explained (95%) by the R 2 . However, under pastoral and agro pastoral production system handling the indigenous goats is difficult. Heart girth, body length, and height at wither strongly and positively correlated to live body weight. These major LBM are used as selection criteria for predicting live body weight. Probably a multiple regression with the addition of other measurements to heart girth would result in significant improvements in accuracy of prediction. However, under field conditions, live weight estimation using chest girth alone would be preferable because of difficulty of the proper animal restraint during measurement. In general body weight and linear measurements are important traits in community based breed improvement. Body measurements provide quantitative measure of body size and shape that are desirable, as they will enable phenotype parameters for these traits to be estimated and permit inclusion in breeding programs.
